High-resolution structure of Ascaris trypsin inhibitor in solution: direct evidence for a pH-induced conformational transition in the reactive site.
The Ascaris trypsin inhibitor (ATI) is a member of a new family of serine protease inhibitors isolated from the helminthic worm Ascaris lumbricoides var suum. This family comprises five chymotrypsin/elastase inhibitors and one trypsin inhibitor. Members are characterized by the presence of five disulfide bonds (two of which are located on either side of the reactive site) in a single small protein domain of 61-62 residues. The solution structure of ATI has been determined at pH 2.4 and pH 4.75 by NMR spectroscopy. Iterative refinement permitted the unambiguous assignment of the pairing of the five disulfide bridges (Cys5-Cys38, Cys15-Cys33, Cys18-Cys29, Cys22-Cys60, and Cys40-Cys54) which were previously unknown. The structure includes four short beta-strands arranged in two approximately perpendicular beta-sheets. The reactive site loop is bounded by two disulfide bridges (Cys15-Cys33 and Cys18-Cys29) and is part of the long loop (residues 15-25) connecting strands beta 1 and beta 2. Comparison of the nuclear Overhauser enhancement data at the two pH values revealed significant differences centered around the reactive site. While the reactive site at pH 2.4 closely resembles that of other protease inhibitors, at pH 4.75 the reactive site loop undergoes a major conformational rearrangement involving the psi backbone torsion angles of the P2, P1 and P1' residues (residues 30-32). This is associated with a change in the positions of the side chains of Arg31 and Glu32. The overall three-dimensional structure of ATI posesses an unusual fold and, with the exception of the reactive site, shows no similarity to other serine protease inhibitors. The observation that the reactive site of the low pH form of ATI is similar to that of other serine proteases suggests that this is the active form of the protein.